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Abstract 
The urban freight transportation is a fundamental factor to the development of big cities with a significant importance 
in the support of people stay of life, besides it plays a role in the maintenance and conservation of industrial and 
commercial activities and it contributes to industrial competitiveness. However, it impacts the products cost, the 
regional economic efficiency and the environment as energy consume, pollutant emission, noise and visual intrusion. 
Starting from a brief review about UCC, it was developed a methodology to analyze the economical and 
environmental impacts of an urban consolidation center (UCC) that was applied on the Belo Horizonte city (Brazil). 
The results show a substantial reduction of number of vehicles at congestion area and a decreasing of pollutant 
emission in the urban environment. 
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1. Introduction 
The intensity that the urbanization process has been happening in Brazil in the last 60 years has 
generated a growing concern about the future of the Brazilian cities, since their growth is occurring 
without a systematic control and it can be disastrous. The lack of an urban planning causes many 
problems, that when established, they are practically unchanged or imply in high cost to be eliminated 
(Silva, 2004 and Carrara, 2007). 
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Browne et al. (2007) pointed out that in the last years a great deal of researches has been realized in 
relation to traffic levels and its impacts on big cities. These studies focus, essentially, on analysis of 
public transport and private vehicles with few efforts in relation to urban goods transport although it 
represents between 20% and 30% of the total number of vehicles and 16% to 50% of all air pollutants in 
major European cities (LET-aria, 2006 apud Dablanc, 2007). Crainic et al. (2004) explain that the already 
significant volume of cargo vehicles moving within the cities limits is increasing and will continue to 
grow at a rapid pace. The main factors contributing to this phenomenon are the current production and 
distribution based on low inventories and Just in Time deliveries and the explosive growth of electronic 
commerce that generate huge volumes of home deliveries. 
The public authorities promote few policies in relation to goods transport in big cities, acting, mainly, 
towards the regulation of parking, access road and time window for the loading/unloading operations 
(Crainic et al., 2004). According to the authors, this fact occurs because the government considers the 
cargo transport as an activity, essentially, private. So, the goods transport issues in the city level is still 
not well understood or quantified, and there is a lack of methodologies directed to analyzing or planning 
its movement.  
Crainic et al. (2004) however relate that this scenario tends to change because the number of vehicles 
of all types is increasing rapidly and, as consequence, the congestion and the pollutants levels grow at a 
rapid pace. Therefore, there is an increasing in the public awareness about these issues that impact the 
population life quality in big cities. The authorities also began to take notice and show an increasing 
political will to change the current situation. Thus, the need arises to analyze the movements of goods 
vehicles in cities. 
The urban cargo transport is a fundamental variable to development of big cities. Browne et al. (2005) 
highlight that it has a significant importance to support population lifestyle; plays an important role to 
maintenance and conservation of industrial and commercial activities; contributes to industrial 
competitiveness; causes effects on goods costs promoting direct impact on economical efficiency of a 
region; besides, it brings consequences to environment such as energy consumption, pollutants, noise and 
visual intrusion. 
Among the alternatives to mitigate the negative externalities of freight transport involving the city 
logistics concept, there is the urban cargo distribution center (UDC) which is described as an important 
factor to improve the logistic process in the cities. The UDC aims to rationalize the goods distribution 
according the interests congruence among many actors involved in the urban movement such as public 
authorities, population and all supply chain represented, mainly, by retailers, carriers and suppliers. This 
paper presents a methodology for assessing the economical and environmental impacts of an UDC. 
Primarily it will be presented the UDC concept and how it can be used to improve the logistics process 
and to mitigate the negatives externalities of urban distribution. Then, it will be depicted the model 
developed in this paper, ending with the presentation of the results from the application of the model in 
Belo Horizonte city (Brazil) and conclusions as well. 
The cargo consolidation of different shippers and carriers in the same vehicle associate with a 
operational coordination in the cities is seen as one of the most important manner to mitigate the negative 
externalities caused by freight transportation in urban centers (Benjelloun and Crainic, 2009; Crainic et 
al., 2009; Browne et. al., 2007; Nemoto et. al., 2006; Browne, et. al., 2005). This way, the urban 
distribution center (UDC) concept is considered an important instrument among urban logistics initiatives 
(Crainic et. al., 2009). The idea that involves the UDC concept is to separate logistics activities inside and 
outside the city as showed in Fig. 1.  
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Fig. 1. Concept of an urban consolidation center concept (Quak, 2008) 
Many deliveries can be consolidated in any way, but, not necessarily, according to city interests. 
Generally, the supply chain organizes deliveries to consume points from a retailer distribution center. In 
this distribution center, goods from many suppliers are consolidated and routes are planned for delivery 
products to receivers. This distribution way can be more efficient for a given supply chain, however, not 
to city perspective. Supply chains optimize their deliveries taking account the origin flow, for example, a 
retailer distribution center, while to city, an optimization from destine points could have better results, 
such as reduction of freight vehicles movement on congestion area. The increasing in regulations on 
urban distribution such as vehicle access constrains (capacity and/or size), time window and 
environmental zones, has caused negative effects on supply chain efficiency (Rooijen and Quak, 2009). 
Quak (2008) highlights that distribution centers are among urban logistics initiatives that aim to 
improve cities sustainability changing the physical infrastructure used by urban cargo transport. The 
author emphasizes that UDC is not a new concept because it was studied in 1970’s by McDermott (1975) 
that analyzed potential benefits and disadvantages of urban consolidation terminals to carriers, shippers, 
costumers, society and public authorities. Although several failed attempts throughout the 1990’s, in 
2000’s started another period of concern in relation to UDC, highlighting the follow examples of 
implemented initiatives or researches: Berlin (Hesse, 2004 apud Quak, 2008), Rome (Crainic et al., 
2004), Lyon (Ambrosini, 2004 apud Quak 2008), Nijmegen (Rooijen e Quak, 2009), Bristol (Minihane, 
2009), e Westpomeranian Region (Chwesiuk et al., 2009).  
Dablanc (2007) mentions that many projects involving an installation of only one UDC were not 
satisfactory at big cities with high population density and elevated concentration of commercial, 
administrative and cultural activities. Crainic et al. (2009) report that in these cities, generally, vehicles 
that have permission to realize deliveries, ie, meet the size and weight limits, have to perform a long trip 
until the points where costumers are located. These vehicles are inappropriate for long trips and, on the 
other hand, the adequate kind of equipment to long distances have no permission to enter in urban center 
due to its size and/or cargo capacity. Given this problem, the authors expanded the concept of single UDC 
to multiple UDC in order to mitigate problems with fleet adequacy to operate in big cities. In this concept, 
the cargo distribution system is divided between two levels: UDC and satellites. UDC is located outside 
urban area and receives goods that will be distributed in urban center. Satellites are allocated close to its 
coverage area and receive products from UDC to delivery to retailers. In this system, two kinds of 
equipments are involved: vehicles with more cargo capacity that transports goods from UDC to satellites 
and friendly environmental vehicles that realize deliveries to customers from satellites. 
Browne et al. (2005) report that a standardized definition about UDC concept was not found, each 
paper uses its own definition. Because this gap, the authors developed a general concept to identify the 
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meaning of an urban distribution center and to help future papers about this theme. So, according the 
authors an urban consolidation center (UCC) is described “as a logistics facility that is situated in 
relatively close proximity to the geographic area that it serves as a city centre, an entire town or a specific 
site (e.g. shopping center), from which consolidated deliveries are carried out within that area.” In order 
to adapt the nomenclature defined by Browne et al. (2005) for the Brazilian context, in this paper was 
used “urban distribution center (UDC)” instead of “urban consolidation center (UCC)”. 
Browne et al. (2005) highlight the following aspects that influence on UDC structure:  
x UDC objective: a UDC can have one or many objectives, such as urban traffic reduction, decreasing in 
environmental impacts and reduction in storage and logistics activities at urban context; 
x UDC location: particularly close to area served; 
x Spatial coverage of the UDC: the extent of the area served can vary between UDC schemes from a 
single site up to an entire urban area; 
x Operational flexibility, for example, fixed delivery schedule or on demand; 
x Ownership and operation of UDC, for example, public or private, single operator or joint venture; 
x Finance issue, particularly, the nature of any financial support;  
x Role of local authorities and other public sector bodies;  
x Compulsory or voluntary: an UDC can be operated on a voluntary basis in which the users decide 
about UDC operations or on compulsory way in which all goods have to be delivered via UDC 
scheme;  
x Freestanding initiative or incorporated into the wider policy. 
2. Methodology 
The Fig. 2 shows the main steps of the methodology used in this study. These steps are detailed below. 
 
 
Fig. 2. Methodology to economical and environmental assess for an UDC 
2.1. Adoption model 
The first step of this methodology consists in a presentation of a model developed to assess the 
retailers’ adoption in relation to urban distribution center scheme. This assess is fundamental because, 
according to Roijen and Quak (2009), one of the main failure factors of the applications realized in many 
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European cities refer to a lack of a previous analysis of the retailers potential demand in relation to this 
scheme. 
In Brazil researches involving urban distribution centers are, only, incipient, highlighting few papers as 
Carrara (2007) that realized a location study of a distribution center to Uberlândia City. Also, this 
distribution model is still poorly understood by most retailers once there are no records of its 
implementation in this country. So, because the features mentioned above the adoption model was based 
on stated preference research technique in order to analyze the potential demand of the costumers. More 
details about the adoption model can be seen on Correia et al. (2010). 
To develop the adoption model using the stated research technique it is necessary, primarily, to define 
its attributes. Attributes are the features of the current system with direct impact on the adoption to the 
proposed system. The attributes for the model were suggested after assessing of the potential costs and 
benefits to the retailers by identifying the most relevant ones to Brazilian reality. This way, the following 
attributes were allocated to the model: 
x Cost: retailers’ financial sacrifice to achieve their goals. It is supposed that one consequence of the 
UDC  is the increase in costs resulting from the addition of one more stage in the supply chain; 
x Delivery Service: the way that retailers are served by their suppliers. It is considered that the UDC 
improves the delivery service trough greater operational flexibility, for example, the possibility of 
splitting the orders realized and reduce the number of deliveries; 
x Reliability: credibility of retailers in relation to services provided by carriers. It is assumed that the 
UDC will improve the service reliability by, for example, improving the deliveries punctuality; 
x Stock versus Exposure: the amount of products stored against the amount of products displayed. It is 
assumed that the UDC provides extra space for displaying products by reducing the storage areas. 
 
Two levels were defined for each attribute; the first one reflects the current situation of retailers, and, 
the second one refers to potentials changes on their operations and/or costs because the UDC 
implementation. Then, cards were made, according factorial arrangement, and were sorted by ranking in a 
questionnaire. The results of the research allow the definition of scenarios to analyze the choice 
probability in relation to the UDC. 
2.2. Scenario proposition 
The scenario elaboration is a technique quite employed in description and study of planning and 
control of many systems. The identification and analysis of scenario is an essential step to assess an urban 
distribution center scheme because the cities are extremely complex systems and, therefore, require a 
study of many configurations for a decision consistent with the concerns of several players, such as public 
authorities, population, carriers and retailers that are involved in this scheme. 
The first step in scenario preposition is the identification of a base panorama according the current 
features of urban distribution in the city. This way, the impact of UDC on the analyzed area can be 
assessed and compared to current logistic process in the city. This impact depends on each configuration 
that this scheme may assume. In relation to the configurations of the UDC, variations in the logistic 
service network and in the number of retailers can be realized in order to indicate the impact of these 
changes on the economical and environmental measures of UDC that will presented in last phase of this 
methodology. The variation in the logistic service network aims to analyze the impact of availability and 
costs of buildings, like warehouse, in urban congestion areas and/or high population density that can be 
used in UDC operations. The variation in the number of retailers aims to recognize the results of the 
scheme according to the adoption level from its potential costumers mentioned in the adoption model in 
the previous step.  
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2.3. Location of distribution center and supporting terminals and vehicle routing 
This step contemplates the location choice of the distribution center and supporting terminals and the 
vehicle routing in two levels of service, ie, from distribution center until supporting terminals and from 
the last one until the retailers, according the features of each scenario identified in the previous step.  
This methodology adopts the two-tier systems concept in which the single UDC is expanded to 
multiple UDC in order to mitigate the problems with fleet adequacy to operate in big cities (Crainic et al. 
(2009). In this concept, the freight distribution system is shared in two levels: UDC and supporting 
terminals. UDC is located outside the urban area and receives the products that will be distributed to 
urban center. The supporting terminals are allocated in areas close to their coverage region and receive 
goods from UDC to delivery to retailers. In this systems two vehicles types are involved, trucks with 
more cargo capacity that transfers the products from UDC to supporting terminals and “environmentally-
friendly” vehicles, such as urban delivery vehicle or electrical vehicles, that realize the delivery to 
costumers departing of supporting terminals. In this paper the location and routing problems were solved 
by TRANSCAD which is a Geographical Information System (GIS) designed to planning, operation and 
analysis of the transport systems features (Caliper, 1996). 
2.4. Economical and environmental assess 
The cargo movement optimization is considered one of the main objectives of urban logistics because 
causes reduction in congestion and increases city mobility, decreases the emission of pollutants and noise, 
and improves the life condition avoiding to penalty the city center activities (Crainic et al., 2009). This 
way an economical and environmental assess according consistent measures is substantial to UDC studies 
because in many schemes, mainly in European countries such as France and Germany, satisfactory results 
have not been achieved due to, for example, low rates of reduction of pollutant emissions, the continuing 
need for public subsidies and the use of an inadequate fleet. A preliminary assessment of UDC impacts is 
an essential step to check the viability of implementation. 
For economical evaluation, the following measures can be mentioned in relation to UDC scheme: an 
analysis of trips number, traveled distance, trip time, vehicle occupancy, fleet idle time, the number of 
vehicles. These attributes are important elements to total distribution cost in the supply chain and they are 
variables that impact the city traffic. There are key measures for environmental evaluation, among them 
can be highlighted the quantification of total fuel consumption and pollutant emission from vehicles used 
in the scheme in order to check the UDC influence in the air quality of the city and the improvement in 
population life conditions. 
3. Results 
3.1. Characteristics of the study area 
Belo Horizonte (Brazil) is a city with, approximately, 2.4 million inhabitants, with an area of 331 km² 
and the fourth Gross National Product (GNP) among Brazilian municipalities with about 38.2 billions of 
dollars (IBGE, 2010). The centre-south region of Belo Horizonte is the hub of trade and services, 
concentrating the main commercial and financial activities, and also covers the noble area of the city 
gathering most of historical, architectural and cultural facilities. The resident population centre-south 
region is, nearly, 261,000 habitants, with an area of 32.49 km² and a population density of 8,019 
inhabitants/km² (PBH, 2010). 
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3.2. Characterization of the researched sample 
The registration of property indicates the existence of 13,730 commercial points, including pubs, 
restaurants and department stores (PBH, 2010). This research considered companies with a total area 
between 20 and 500 m², profile more appropriated according to the stated preference research and visual 
observation of the region, totalizing 3,787 demand points.  
The method to calculate the retailers demand was based on data from stated preference research (SP), 
also utilized in adoption model, and spatial distribution of commerce according to the phone book of the 
region. Firstly, the monthly volume by type of retailer was stipulated based on SP. This volume was 
calculated according to monthly delivery frequency, number of deliveries per day and quantity of boxes 
delivered in unload process to each kind of retailer. The results pointed out that the major part of 
companies receive goods two times per week (40%), generally, with only one delivery (44%), receive two 
or more boxes per delivery (80%), and clothing stores have an outstanding position among retailers of the 
area analyzed (40%). 
In the next step of this method it was made a survey about the kind of commercial points, aiming to 
identify the quantity of each type of business characterized in the SP. Finally, the daily demand per kind 
of retailer and per neighborhood was calculated by the division of the monthly demand by the number of 
operational days in the month (22 days), totalizing 4,507 boxes deliveries per day. 
A set of candidate points was determined in order to realize the location study for supporting terminals 
according to the registration of property. This register pointed 2,130 candidate points that were segmented 
based on its area. In this research was considered points between 1,000 and 10,000 m², interesting size for 
a supporting terminal, totalizing 269 points. This data were refined aiming to identify the current 
destination of each one of these points, excluding of the sample some points such as schools, churches, 
etc. After this refinement, 146 candidate points were allocated in the TRANCAD network which was the 
base to location study for supporting terminals. 
3.3. Adoption model results 
The Table 1 shows results of probabilities of acceptance of UDC to retailers based on attributes of this 
scheme, contemplating the first step of developed methodology. The stated preference research pointed 
out that the cost is a significant attribute in retailers’ adoption because the probabilities associated with 
this attribute presented low value in relation to possibility of adoption to UDC. On the other hand, the 
probability of adoption increased substantially without cost attribute, reaching 82% when all others 
attributes are chosen. This fact shows the importance of public authorities, acting, mainly, through 
incentives in order to minimize cost of UDC and promoting the positive aspects of this scheme to 
business improvement of retailers and carriers. According to the results from this model will be realized 
the variations of number of retailers served by UDC. 
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Table 1. Adoption probabilities to retailiers in relation to UDC 
Scenario Analized Probability 
Improvement in service, reliability and exposure space 82% 
Improvement in reliability and exposure space 79% 
Improvement in service and reliability 73% 
Improvement in reliability 69% 
Improvement in service and exposure space 67% 
Improvement in exposure space 63% 
Cost with improvement in service, reliability and exposure space 60% 
Cost with improvement in reliability and exposure space 55% 
Improvement in service 55% 
Cost with improvement in service and reliability 47% 
Cost with improvement in reliability 42% 
Cost with improvement in service and exposure space 40% 
Cost with improvement in exposure space 35% 
Cost with improvement in service 28% 
Cost 24% 
3.4. Scenarios 
This step presents the base scenario according current configuration of goods distribution in analyzed 
region and proposed scenarios taking account the implementation of UDC scheme. Fig 3 shows the actual 
and proposed logistics network which depicts the actual organization of goods transportation in Belo 
Horizonte. The current structure of freight distribution in city has only one level of service in which 
deliveries are realized from companies’ warehouse to retailers. According to presented methodology, it 
was inserted another level in the actual distribution configuration represented by supporting terminal 
where products from warehouses are consolidated and delivered based on its coverage area. So, goods 
leave distribution centers, having the supporting terminals as a partial destination and, finally, are 
delivered to retailers.  
 
Actual configuration  
 
Network Proposed 
 
Fig. 3. Network distribution 
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In actual network distribution, regions with higher concentration of distribution centers were 
identified, mainly logistics operators, which serve the area affected by constrains of vehicle movement, 
notably, the area involved by Contorno Avenue in Belo Horizonte. This analysis obtained three main 
areas which were inserted as nodes in TRANSCAD network. Each one of these nodes represented the 
companies’ location of the identified regions. The area of these regions was used to define the quantity of 
retailers’ demand that each point should serve, ie, the number of goods that leaves these points for the 
delivery to retailers. These nodes were responsible for service, respectively, 71% (area = 1.84 km²), 18% 
(area = 0.94 km²) and 10% (area = 0.34 km²), of retailers’ demand. Based on this information a routing 
study was realized using a workday of 8 hours and a fleet with 12 m³ of capacity, average volume of an 
urban freight vehicle which satisfy the movement constraints regulated by municipal government. 
In the new structure, goods leave consolidation points created to supporting terminals. Each supporting 
terminal consolidates products from UDCs to realize deliveries in its coverage area. Supporting terminals 
were allocated in analyzed area according to a location study that aimed to choose the best points of a set 
of candidate nodes based on availability of facilities, close to Contorno Avenue, that could serve the 
proposed scheme. In each simulation it was made a routing study that used a workday with 8 hours to 
vehicles involved into two levels, the first level was represented by goods movement from consolidation 
points to supporting terminals and the second level was constituted by products movement from 
supporting terminals to retailers. The vehicle capacity in the first and second level was, respectively, 45 
m3 and 12 m³. 
The logistic structure proposed created a new configuration to freight distribution in urban center of 
the city considering the same nodes identified on Fig 3. However, these nodes represented, in proposed 
network, freight consolidation points originated from each entry route of the city. 
The demand of supporting terminal was represented by the sum of retailers demand in its coverage 
area, calculated according the routing study to second level of logistic network of UDC. As shown in Fig. 
3 it was inserted a node that is not part of the current logistic structure of Belo Horizonte. This 
consolidation point was included due to its relevance as a route of entry in city as verified in the last 
Origin and Destination Research (OD Research) conducted in metropolitan region of Belo Horizonte in 
2001-2002. Analyzing the origin of freight vehicles which entered in study region (Contorno Avenue) it 
was found four main routes with 59%, 12%, 8% and 21% of all vehicle movement. These values were 
used to define the quantity of estimated demand from retailers that each consolidation point should serve.  
The location study showed that the variation in observed parameters was tiny, approximately, 2%, 
from 5 until 16 supporting terminal. This result indicated a convergence to 5 supporting terminals as the 
maximum number of this kind of facility because a superior number implies in a complexity and cost 
increase without an important reduction in relation to environmental impacts, fundamental aspect in UDC 
scheme.  
In relation to variation in number of retailers served by UDC scheme, scenarios were proposed with 
100%, 82%, 60% and 47% of retailers’ acceptation according to adoption model. 100% scenario aimed to 
show a configuration in which the use of scheme is mandatory, ie, totally regulated by local authorities. 
82% scenario reflected a scheme without an obligated adoption, but with governmental subsides in order 
to decrease some economical costs from this system. 60% scenario represented a situation without 
government subsidies. 47% scenario assumed a pessimist situation without an adoption of majority 
retailers in relation to UDC scheme because they have to pay all system costs and have a lack of 
improvement in service level. 
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3.5. Economical and environmental assess 
Table 2 shows the results from economical and environmental assess according to four adoption 
scenarios of retailers (100%, 82%, 60% and 47%) based on logistic network with five supporting 
terminals.  
Table 2. Consolidate results of scenarios 
 
 
As it can be seen on Table 2, the scenario with 5 supporting terminal and 100% of adoption level is the 
best alternative to freight distribution in Belo Horizonte City. This scenario reached significant results in 
comparison to current freight distribution structure, for example, reductions in total distance trip (52%), in 
trip time (60.2%), in numbers of vehicles (51.4%), in fuel consumption and pollutant emissions (37.3%), 
and, increase in trip number (21.3%). In addition, fleet occupancy was 94% and 9 % of total fleet time 
was used in transport activities.  
The results of each criteria proposed in this paper were detailed to the best scenario, ie, with 5 
supporting terminal, in accordance to the two levels of delivery in order to analyze the parameters 
behaviors evaluated in each level based on quantity of retailers in the UDC scheme. In addition, these 
results were compared with current freight distribution scenario aiming explore the potential that the 
scheme offers in contrast with the current scenario of city. These analyses will be realized on following 
statements. 
The total numbers of vehicles used in first level, ie, from supporting terminals to retailers was 63, in 
second level, ie, from UDC to terminals was 25, totalizing 88. The quantity calculated to base scenario 
was 181 equipments, comparing this result to UDC scheme it can be verified that the number of vehicles 
fell by 51.4% in relation to 100% of retailers’ adoption. However, taking into account only the urban area 
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that suffers main problems with traffic congestion, represented by first level, the decrease was 65.2%. 
This way, 118 vehicles could stop to move in central area if the UDC was used, this fact highlights the 
relevance of the scheme not only in relation to a way to reduce companies’ costs but also to mitigate some 
serious problems resulting from the excess vehicles in large cities. 
A vehicle flow was added in order to serve retailers that were outside the UDC scheme. This flow left 
conventional points from current distribution model of city and performed deliveries to retailers. So, 
scenario with 82% of retailers’ adoption had the follow results: 49 (1° level), 20 (2° level) and 36 vehicles 
(current model), totalizing 105, representing an increase of 29.2% in relation to 100% of retailers’ 
adoption and decreasing of 42% in relation to base scenario. With 60% of retailers’ adoption: 37 (1° 
level), 16 (2° level) and 73 vehicles (current model), totalizing 126, increment of 43.2% in relation to 
100% of retailers’ adoption and declining of 33% in relation to base scenario. The last analyzed scenario, 
47% of retailers’ adoption, could be verified: 29 (1° level), 13 (2° level) and 96 (current model), totalizing 
105, growth of 56.8% and reducing 23.4% in relation to, respectively, 100% of retailers’ adoption and 
base scenario. 
In relation to trip distance, analyzing the scenario with 100% of retailers’ adoption, the distance 
performed by vehicles in first level was 1,673 km and in second level was 2,881 km, totalizing 4,554 km. 
UDC scheme implied a reduction of 61.6% in total route realized by freight vehicles because in base 
scenario the trip distance was 11,855 km. This declining could decrease distribution costs, fuel consume 
and pollutant emissions, besides contributing for a less deterioration of roads. In addition, the decrease in 
retailers’ adoption resulted in an increasing of total trip distance compared to scenario in which all 
costumers are part of UDC scheme. However, all they had values below of base scenario.  
Total time of distribution represents the time spent in operations of load and unloads at retailers; 
loading of vehicles in supporting terminal, consolidation points and conventional distribution centers 
(CDC); and, in routing realized among retailers and from retailers to supporting terminals or CDC and 
from supporting terminals to consolidation points. Analyzing scenario with 100% of retailers’ adoption, 
the time of distribution in first level was 463 hours and 178 hours in second level, totalizing 631 hours. 
Base scenario had 1,344 hours of total time of distribution. These results mean a reduction of 52.4% in 
relation to current time of freight distribution of city in analyzed region. It is important to mention that the 
time of distribution configures as a fundamental aspect to fleet sizing, so, its reduction contributes to 
decrease the number of freight vehicles and, consequently, less cost to companies and less environmental 
impacts. 
One of the serious problems in larger cities is the movement of empty vehicles in congestion areas. 
The manner as companies make their delivery route can be pointed as a reason for this problem because, 
generally, routes are optimized taking account, firstly, company location and not city location, resulting in 
the entry of empty vehicles into places with elevated traffic such as the city center (Rooijen and Quak, 
2009). Correia et al. (2010) verified that fleet occupancy is not a primordial aspect to carriers which serve 
central area of Belo Horizonte city because this attribute had a 25% of utility, much lower, for example, 
parking space, with 44%. This way, a best organization of urban freight taking into account city interests 
is fundamental and UDC scheme contribute for achieving this aim, due a high level of fleet occupancy in 
all analyzed scenarios, including base scenario. However, UDC scheme can improve substantially this 
indicator in first level, that represents congestion area, promoting a better utilization of vehicles according 
city interests either. 
The number of routes was increased with UDC scheme compared to current system of freight 
distribution of Belo Horizonte city. These results can be explained, in part, by increasing system 
complexity of the system in which it was necessary a routing in two levels of service and also by 
improving fleet utilization because in base scenario was allocated, in average, 2.2 routes per vehicle, and, 
for example, to scenario with 100% of retailers’ adoption this figure went to 5.8 routes per vehicle. 
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Fleet idle time was the last parameter of economical assess proposed in this paper. This parameter, as 
fleet occupancy, presented elevated levels in all analyzed scenarios. However, in the second level, ie, 
from consolidation points to supporting terminals, it had the worst results to this parameter with 
utilization levels. A heterogeneous fleet and/or a decrease in the quantity of consolidation points in this 
level could contribute to improve these figures, but also could bring impacts on others indicators, as 
number of vehicles and trip distance. This way, an UDC scheme should be analyzed in a wide manner 
because any change in its structure can result variations in others indicators. 
In relation to environmental parameters, fuel consumption is an essential factor of evaluation in UDC 
scheme because it refers to use of non-renewable source of energy and, consequently, its reduction can 
bring benefits to all society. It is important to mention that the calculations were based on factor of 
consumption (6 km/l to small vehicles and 3 km/l to larger equipment) and trip distance in each level of 
analysis. These figures are congruent with the type of fleet utilized and the kind of activity realized by 
vehicles according to the practices of companies that serve the study area. There is a significant reduction 
in fuel consumption in relation to base scenario, even it being calculated based on the best routing 
situation in city point of view. Analyzing the levels of network logistics it could be verified that 
sensibility of fuel consumption in relation to adoption variation presented resulted quite similar for both 
levels. This way, the variation of retailers’ adoption represented an increase of, approximately, 21% in 
each level. To retailers served by current model of distribution the consumption variation was higher, 
achieving, in average, 38% of increment for each variation realized. It means that when the adoption to 
UDC decrease, fuel consumption increase considerable. 
Pollutant emissions brings serious negative consequences to all society, as health problems and global 
warming, resulting in decreasing life quality of population. One fundamental objects of UDC scheme is a 
reduction in pollutant emission. The results of pollutant emissions were quite similar to parameter “fuel 
consumption” because the tool’s calculus base considers the quantity of fuel consumed in each level of 
analysis. It is important to mention that the potential of pollutant emission reduction in UDC scheme is 
significant because in this paper it was utilized only a fleet composed by vehicles moved by diesel oil due 
to the development of engines which can use alternative energy sources, such as electricity, is still 
incipient in Brazil. The second level presents the higher value of emission among retailers’ adoption 
scenarios resulting, in average, 48% of all pollutant emitted in UDC. This level also has a huge potential 
of utilization of friendly environmental vehicle due to its structure of routes, ie, small distances between 
supporting terminals and retailers, critical aspect to applications that involve this kind of technology. 
4. Conclusion 
This paper presented a methodology to evaluating an urban distribution center (UDC) that was applied 
in Belo Horizonte city (Brazil). It is important to mention that this scheme configures as one of the main 
city logistics initiatives to reduce the serious problems of freight distribution in cities. This way, a new 
configuration to delivery products in the region with most problems with congestion traffic was proposed 
to Belo Horizonte city. Results showed that UDC brings a significant improvement to all actors involved 
in the process, such as society, carriers and retailers, due to excellent figures of economical and 
environmental parameters presented in this research. 
The potential of improvement of UDC scheme can be increased because the base scenario was 
proposed according to best situation of vehicle routing to city. This way, all vehicles performed only 
consolidated deliveries to study area resulting in huge levels of fleet occupancy, fact not verified in real 
city conditions. In addition, the utilization of a fleet moved by clean energy could improve substantially 
the environmental parameters evaluated. 
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It is important to mention that results were quite sensible in relation to retailers’ adoption variation 
when compared to structure variation (number of supporting terminals). After analyzing the average of 
coefficient of variation from all parameters can be concluded that the variation on structure entails a 
change in 2.4% in the economical and environmental results while a variation of retailers’ adoption 
causes a change of 11.46%. This fact demonstrates that in an UDC scheme is extremely important the 
development of strategies that guarantee the retailers’ adoption because it is an essential aspect to achieve 
the economical and environmental aims. 
Acknowledgments 
The authors thank CNPQ (National Council of Scientific and Technological Development), FAPEMIG 
(Research Foundation of Minas Gerais) and UFMG (Federal University of Minas Gerais) for supporting 
this research project. 
References 
[1] Benjelloun A, Crainic TG. Trends, challenges, and perspectives in city logistics. Buletinul AGIR 2009; n.4. 
[2] Browne M, Piotrowska M, Woodburn A, Allen J. Literature review WM9: Part I - Urban freight transport. green logistics 
project. University of Westminster, London; 2007. 
[3] Browne M, Sweet M, Woodburn A, Allen J. Urban freight consolidation centres. Final Report. University of Westminster, 
London; 2005. 
[4] Caliper. Routing and logistics with transcad. Software Manual, 2005.  
[5] Carrara CM. Uma aplicação do SIG para localização e alocação de terminais logísticos em áreas urbanas congestionadas. 
Dissertação (Mestrado em Engenharia Civil). Escola de Engenharia de São Carlos, Universidade de São Paulo, São Carlos; 
2007. 
[6] Chwesiuk K, Kijewska K, Iwan S. Idea of urban consolidation centres for medium-size touristics cities of Westpomeranian 
Region of Poland. In:  The Sixth International Conference on City Logistics 2009, p. 467-479. 
[7] Correia VA, Oliveira LK, Abreu BRA. Modelo para avaliar a adesão de transportadores e varejistas à utilização de um centro de 
distribuição urbano. In: XXIV Congresso de pesquisa e ensino em transportes, ANPET, Salvador, Bahia; 2010. 
[8] Crainic TG, Ricciardi N, Storchi G. Advanced freight transportation systems for congested urban areas. Transportation 
Research Part C 2004; 12: 119-137. 
[9] Crainic TG, Gendreau M, Potvin JY. Intelligent freight-transportation systems: assessment and the contribution of operations 
research. Transportation Research Part C 2009; 17: 541-557. 
[10] Dablanc L. Goods transport in large European cities: Difficult to organize, difficult to modernize. Transportation Research 
Part A 2007; 41: 280-285. 
[11] Minihane E. Bristol Consolidation Centre - Short term actions to reorganize transport of goods. In: Chartered Institute of 
Logistcs and Transport Seminar, 2009. Available on: <www.ciltuk.org.uk/pages/downloadfile?d=52F89921-7B0D-4B0E>. 
Accessed on 04/15/2010. 
[12] IBGE Instituto Brasileiro de Geografia e Estatística. Available on: <HTTP://www.ibge.gov.br>. Accessed on December de 
2010. 
[13] Nemoto T, Browne M, Visser J. Intermodal transport and city logistics. In: Recent advances in city logistics 2006, p.15-30. 
Available on: < http://hdl.handle.net/10086/14568>. Accessed on March 2010. 
[14] PBH – Prefeitura Municipal de Belo Horizonte. Available on: <HTTP://www.pbh.gov.br>. Accessed on August 2010. 
[15] Quak H. Sustainability of urban freight transport retail distribution and local regulations in cities. Erasmus Research Institute of 
Management (ERIM), Erasmus University Rotterdam; 2008, Ph.D. Thesis. 
[16] Rooijen TV, Quak H. Local impacts of a new urban consolidation centre - The case of Binnenstadservice.NL. In:  The Sixth 
International Conference on City Logistics 2009, p. 101 - 116. 
[17] NPET, Vitória, 2009. 
 
 
